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The accompanying diagrams are block d 
of the CS70M. The both bic 1 
the digital and analog stages. 

Sections enclosed by |_I 

diagram denote individual f 
major feature of the CS7I 
polyphonic synthesizer witl 
formance capability. In addition, original tones 
can be generated with 39 different parameters 
in the front control panel, and stored in memory 
by "one-touch" operation of the 30 memory 
bank switches (in two series I and II). Further¬ 
more, original tones can also be saved externally 
in special magnetic cards. 

Other major features not found in more conven¬ 
tional synthesizers are enumerated below. 


control panel can be store 
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Brief Description of Overall Circuit Operation 
The overall circuit composition is summarized 
in the OVERALL BLOCK DIAGRAM in Fig. 2. 
Firstly, an address signal is sent from the CPU to 
the address decoder via the address bus. 10 
scanning bits for 10 and one half octave scan¬ 
ning are then generated in this decoder. Key 
switch on/off status in then checked by these 
10 scanning bits, the scanning result by stored 
in the buffer amplifier, and the "key switch on/ 
off data" being passed to the CPU via the CPU 
data bus. 

On the basis of this data, the CPU subsequently 
addresses the key code data stored in the EP¬ 
ROM, the key code data being passed out via 
the data bus to a data selector where it is select¬ 
ed before being passed on to the D/A converters. 
The D/A converters include two types of MPX 
and DAG converters. One type is a keyboard 
voltage/note voltage converter equipped with an 
MPX stage, while the other type is a bias con¬ 
verter used to determine the bias for the auto 
tune circuit VCO and the control pane! para¬ 
meters. The keyboard operation voltage is 
generated in the first of the MPX stages (IC31), 
while the 12-note note voltages are generated in 
the next two MPX stages (IC32 and IC33). 
Similarly, the parameter and auto tune bias 
voltages are generated by converting the data 
selected by the data selector circuit, i.e, an 
8-bit binary digital signal, into a DC current 
when passed through the DAC converter. 

The respective analog signals obtained in this 
way appear as series I and series II VCO key¬ 
board voltage outputs from the IC37 distributor. 
The outputs from the IC7, ICS, IC9 and IC1Q 
distributors are the 39 tone parameter control 
voltages and the auto tuning mode VCO bias 
voltages, these output voltages being held by the 
S/H circuit for sampling purposes. The sample 
hold voltages are subsequently applied to the 
VCO, VCF and VGA circuits in much the same 
way as in conventional synthesizer circuits. 


All of these operations are executed by the CPU 
main program. In card reader operation, how¬ 
ever, the CPU checks the card reader every 
1,6msec, and if a card reader interrupt instruc¬ 
tion is detected, that instruction is executed 
immediately for card reader operation. 

The Z80 memory address map is provided below 
for reference purposes. Note, however, that 
since A14 and A15 are not decoded in this 
model, address 4000 — FFFF involve repetition 
of addresses 0000 — 3FFF. 


Memory Address Map 


Addrss No. 

ROM/RAM 

0000-07FF 

ROMIC 49 

0800-0FFF 

ROM IC 50 

1 0 0 o — l 7 FF 

ROM IC 51 

1 8 0 0 — 2 BFF 

Free 

2000-2FFF 
(Timbre memory) 

RAM IC 68,69 

3000—33FF 

(SEQUENCER) 

RAM IC 66,67 

3400-37FF 
(SEQUENCER) (I/O) 

RAM IC 70,71 

3800-3BFF 

(SEQUENCER) 

RAM IC 64,65 

3 0 0 0 -3 FFF 
(SEQUENCER) 

RAM IC 62,63 


Table 2 


* Memory address map 

In certain cases, address 0 — address 65536 
(0000 — FFFF) will be stored in memory. 
The operation procedure program, for ex¬ 
ample, will be stored in 0000 — 17FF. 


4 - 









MK Matrix Table 
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Table 4 


Memory Bank Circuit (Service Manual pp. 14 ~ 
16, 32 ~ 34, 76, 77) 

The control panel includes two sets of tone 
memory bank buttons (series I and series II) 
used for calling previously stored tones. 

The 16th MANUAL button is used to switch the 
control panel to "set enable" status. Further¬ 
more, tones generated by this MANUAL opera¬ 
tion can be stored in the tone memory bank. 
When the panel WRITE button is switched on, 
the tones are stored in 2000 ~ 2FFF of the 
IC68/IC69 RAM IC memory address map. 

Tones stored in this RAM can be reproduced 
("called") by switching memory buttons 1 ~ 15 
on. Furthermore, when calling these tones from 
memory, pressing any of the tone buttons a 
second time will activate the editing operation 
(in which case the corresponding LED lamp will 
start flashing on and off). During edit mode 
whereby the original tone is edited, the original 
tone stored in memory remains unchanged. This 
edit mode can be cancelled by pressing any 
desired memory bank switch. In addition, during 
this edit mode, edited tones can be stored in 
memory bank by WRITE mode operation. 

Edit mode is not activated when MANUAL or 
EDIT is on for series I or series II. 

Any original tone can be replaced by another 

desired tone by pressing the WRITE button 


during call mode (the new tone, however, must 
be in the same series). 

The block diagram for the memory bank and 
peripheral circuits is outlined in Fig. 5. 

When control panel memory bank SW1 is press¬ 
ed, the panel switch address data is latched by 
IC58 via the data bus, and decoded by IC2. This 
decoded switch scanning bit is applied to the 
panel switch data input IC47 via the SW1 diode, 
resulting in the address input port no. 10 switch 
data being passed to the CPU, and the data for 
driving the LED corresponding to the memory 
switch is passed to IC56 LED cathode drive out¬ 
put port address no. 60 and the output port 
address no. 50 anode drive circuit. Consequently, 
the respective output voltages are passed via the 
data bus from the CPU, the latched positive 
voltage being applied to the LED cathode, and 
the negative voltage to the anode drive circuit. 
The respective drive transistors are thereby 
turned on, and the LED will light up. 

The LED circuit is a matrix circuit, LEDs being 
turned on by LED driver combinations with the 
LED cathode and anode terminals. This matrix 
circuit is outlined in Table 5. 

Tone data is stored in tone memory bank by 
the following operation. 4-bit data from the 
CPU is passed to output port IC58 address no.30 
by each memory bank switch. The 4-bit data is 
latched by IC58 and decoded by the IC2 de- 
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coder. Then with 16-bit data decoded by this 
decoder, 30 memory bank switches, two MAN¬ 
UAL switches plus other switches are scanned. 
As a result, the data scanned by this operation 
is passed to the CPU, and the RAM addressed on 
the basis of that data. In the case of tone data, 
data stored between nos.20000 and 2FFF in the 
RAM address map is addressed, passed to the 
CPU, and then sent on to the next data selector 
circuit. 

LED Matrix Circuit (Service Manual pp. 14 ~ 16) 
LED matrix circuit low level denotes a voltage 
value from 0 to 0.5V. High level voltages are in 
the 2.5V to 5V range. 

The LED matrix circuit consists of an 8-row by 
8-column matrix. When signals (see waveforms 
in Fig. 6) are applied to CMO ~ CM7, each LED 


in a column of 8 LEDs is selected separately on 
a time-sharing basis. And if the LEO terminal is 
switched to high level when, say, the CM2 ter¬ 
minal in the 8x8 LED matrix table shown in 
Table 5 is at low level, the indicated LED will 
light up. The I/O address map for control panel 
LEDs is shown in the following chart. 


I/O Address Map 


Address 

i n /out 

PORT 

5 0 

out 

LED anode driver (IC57) 

6 0 

out 

LED cathode driver (IC56) 


The contents of bits 0 ~ 2 of the data written 
in address no.50 of IC57 are decoded by IC60, 
and obtained in negative logic at CMO ~ CM7. 
The data written in address no.60 of IC56, on 
the other hand, is obtained at LEO ~ LE7. 


MAIN BANK AND LED BLOCK DIAGRAM 


Input port no. 10 
IC47 



Pig. 5 
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8-Row x 8-Cofumo Matrix Table 
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Terminal 

Name 

LE 7 

LE 6 

LE 5 

LE 4 

LE 3 

LE 2 

LE 1 

LEO 

CMO 

I — 8 

PSW75 

I — 7 

PSW74 

1-6 

PSW73 

1 — 5 

PSW 72 

1-4 

PSW71 

1—3 

PSW70 

1-2 

PSW69 

I -1 

PSW 68 

C M 1 

I — 

MANUAL 

PSW83 

I —15 

PSW82 

I -14 

PSW81 

I -13 

PSW80 

I —12 

PSW 79 

I —11 

PSW78 

I—10 

PSW 77 

1-9 

PSW76 

CM2 

II™ 8 

PSW91 

II™ 7 

PSW90 

II- 6 

PSW89 

II- 5 

PSW 88 

II- 4 

PSW87 

II-3 

PSW86 

II- 2 

PSW85 

ii-1 

PSW84 

CMS 

II — 

MANUAL 

PSW99 

11-15 

PSW98 

II—14 

PSW97 

11-13 

PSW96 j 

11—12 

PSW95 

11—11 

PSW94 

II—10 

PSW93 

II-9 

PSW92 

CM 4 

T L 2 

TL 3 

TL 4 

TL 5 

T L 6 

TL 7 

TLB ; 

TL 9 

CMS 

TL 1 

TIMEX 5 

PSW 50 

I + 11 

PSW 22 

WHEEL 

PSW 23 

VCO 

PSW 18 

PW 

PSW 19 

VCF 

PSW 20 

VC A 

PSW 21 

CM 6 

K 

PSW35 

rL 

PSW 36 

| EMO 
PSW15 

PSW12 

K 

PSW13 

S/H 

PSW16 

j GUDE+ 
PSW14 

1 GLIDE- 

PSW 17 

C-M 7 

HP 

PSW39 

BP 

PSW41 

TIMEX 5 

PSW40 

w 

PSW42 

HOLD 

PSW51 

WRITE 

PSW100 

AUTO TONE 

PSW101 

STORE 

PSW102 


Lighted LED 
S' 


































Switching Matrix Circuit 1 {Service Manual pp. 
14-18) 

Low level voltages in this matrix circuit are in 
the 0 to IV range. High level voltages are in the 

4 to 5V range. 

The bit 0 — bit 3 contents of the data written in 
I/O port address no.30 is obtained at the PAA — 
PAD terminals, while the bit 0 — bit 2 contents 
of the data written in I/O port address no.40 is 
obtained at the IS1 — IS3 terminals. And when 
I/O port address no. 10 is read, the PDO — PD5 
terminal status is obtained in bit 0 — bit 5. 


The relation b 
PAD is outlin 
combinations fi 
output voltages 
— PD5 in acc 
linear encoder 
cannot be chan 
and panel switc 


3 an 
l/hen 

id PAA - 
iS W g /“U* 

are a 


appi 


lositi 

on of the 

The 

se voltages 



ISl IS2 I S3 PAA PABIPAC PAD 


H I L 


Linear Encoder 
PSW 10 DECAY 
PSW 38 NOISE 
PSW 37 PW 
PSW 11 MOD DEPTH 
PSW 7 SPEED 
PSW 9 ATTACK 
PSW 8 EG DEPTH 
PSW 57 VOLUME 
PSW 56 RELEASE 
PSW 55 SUSTAIN 
PSW 54 DECAY 
PSW 53 ATTACK 
PSW 52 

PSW 48 SUSTAIN 
PSW 47 DECAY 
PSW 49 RELEASE 
PSW 44 RESONANCE 
PSW 43 CUT OFF FREQ 
PSW 46 ATTACK 
PSW 45 EG DEPTH 


PD4 

PD3 

PD 2 

PDl 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

H 

L 

L 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

L 

L 

H 

L 

H 

L 

H 

L 

H ; 

L 

L 

L 

L | 

L 

L 

L 

L j 

H 

L 

L 

H | 

H : 

L 

L 

H 

h ; 

L 

H 

L 

H | 

L 

H 

L 

L 

L 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 


H = 9.4V, L = 0V 
The statuses listed in this table appear 
consecutively when the slide control is 
operated. 
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Table 7 





















P A A PA B | PAC PA.D | P D 5 


PSW 87 PSW 86 PSW 85 PSW 84 

II —4 II — 3 II — 2 II— 1 

PSW 75 PSW 74 PSW 73 PSW 72 

I — 8 1-7 1-6 1-5 

PSW 71 PSW 70 PSW 69 PSW 68 

1-4 1-3 1-2 I -1 

PSW 91 PSW 90 PSW 89 PSW 88 

II —8 II— 7 II — 6 II—5 



PSW 79 PSW 78 PSW 77 j PSW 76 
1-12 I-11 I-10 | 1-9 

PSW 83 PSW 82 PSW 81 PSW 80 
I -MANUAL 1-15 1-14 1-13 


PSW 99 PSW 98 PSW 97 PSW 96 
II-MANUAL 11-15 II —14 11—13 

PSW 95 PSW 94 PSW 93 PSW 92 
11-95 11-94 11-93 11-92 


PSW 35 [ PSW 36 PSW 39 I PSW 41 i PSW 40 I PSW 42 



PSW 15 PSW 12 PSW 13 PSW 16 PSW 14 PSW 17 
RMO ^ K S/H GLIDE + GLIDE— 


PSW 18 PSW 19 PSW 20 PSW 21 PSW 22 PSW 23 

V C 0 R W V C F V C A I + II WHEEL 

PSW 50 PSW 51 PSW 100 PSW 101 PSW 102 

TIMEX 5 HOL-D WRITE AUTO TUNE STORE 


Note 1 . Roth H and L are possible in the X positions. 
Table 8 Note 2. There are no corresponding switches for sections 
left blank. 
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Dotted line denotes IC80 pin 3 (pm 5) waveform 
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0 

X 
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0 
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X C52 
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1 

— 

1/2 
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1 

1 

0 
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1 

1 

1 
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0 
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DB7 as the MSB, a voltage Vx (Vy) determined 
by the following formula is obtained at pin 1 of 
IC59 (pin 14 of IC45). n is varied stepwise from 

0 up to 255. 

Vx[Vy] = n/25.6 ± 0.05V ± 2% 
where Vx is the series I voltage, and 
Vy the series II voltage. 

(0 = n = 255) 

When n is increased in single steps, Vx(Vy) is 
also increased in single steps. 

The ICs used in the D/A converters are single¬ 
chip ICs designed to convert 8-bit binary en¬ 
coded digital signals into analog DC currents. An 
actual circuit is outlined in Fig. 9. 

The output voltage from pin 1 of IC59 (pin 14 
of IC75) is passed to the de-multiplex stage of 


Data is written in IC34 and IC35 in accordance 
to Table 10 as described in the address decoder 
description. This data is expressed as a numerical 
value m (hexadecimal notation) with DBO as the 
LSB and DB7 as the MSB. In the case of a key 
volt voltage, the 8-channel analog switching 
circuit is controlled by three IC34 digital signals 
in order to obtain an octave signal. In this case, 
however, the 4 LSB bits of m (LSBDO ~ D3) 
and the MSB (MSBD7) are not involved in Table 
11 . 

For example, when m = 20, VR1 is adjusted so 
as to obtain a voltage of 125.0 ± O.lmV on pin 6 
of IC38. And when the values of m are changed, 
the voltages listed in Table 11 are obtained. 

Key Volt Voltages [mV] 


















Note Voltage Circuit (Service Manual pp. 38 ~ 
41) 

With m = 2E, VR2 is adjusted to obtain a volt¬ 
age of 125mV on pin 6 of IC39, And when m is 
changed, the voltage obtained from bits 4 ~ 6 
of m, plus the multiplication product obtained 
from bits 0 ~ 3 (i.e. the voltage obtained by D4 
~ D6 — see Table 11, and the multiplication 
product Vk obtained from DO ~ D3 (D3) are 
obtained at pin 6 of IC39. 


Note Voltage 


4 LSB 
in m 

0 

1 

2 , 3 

4 

5 

6 , 7 

Multipli 

cation 

factor 

0.5297 

0.5612 

0.5946 

0.6300 

0.6674 

0.7071 

Note 

C* 

D 

D* 

E 

F 

F* 

4 LSB 
in m 

8 

9 

A, B 

C 

D 

E, F 

Multipli¬ 

cation 

factor 

0.7492 

i 

0.7937 

0.8409 

0.8909 

0.9439 

I 1.0000 

Note 

G 

G* 

A 

A* 

B 

c 


Table 12 


For example, when there is an output voltage of 
4000mV at pin 6 of IC38 (see Table 11), the C# 
voltage will be 4 x 0.5297V = 2.119V, while the \ 

C voltage will be 4V (since the multiplication I 

factor is 1). These voltages are passed to the j 

VCO as note voltages. j 

The IC32/IC33 MPX containsbit 3 and the chip- j 

inhibit control bit D3 or D3. A 12-note note j 

voltage for a single octave is generated by these j 

two ICs, each IC generating note voltages for 6 \ 

notes. For 6 or more notes, an INH bit is applied j 

to D3 or D3 in order to select the IC chip. ; 


i 



Series I [II] Sample Hold Circuit (Service Manu¬ 
al pp. 38 — 41) 

The note data voltage S/H circuit performs the 
sample/hold operation according the following 
procedure. 

STEP 1 i = 0 is set (program parameter number). 
STEP 2 Data ni is written in IC12 and IC13 
[IC24 and IC25] (Denotes which num¬ 
ber parameter data) 

STEP 3 Write Table 13 (Table 14) ai into IC5. 
(DO, D1, D2) 

STEP 4 Write Table 13 (Table 14) si into IC6 
after a delay of 1.5/tsec. (SMPLD1 ~ 
SMPLTN) 

STEP 5 Write all bits "1" data into IC6 after a 
delay of 1.6msec. 

STEP 6 With i = i + 1, return to STEP 1 when 
i = 40, but return to STEP 2 when i = 
40. 

In other words, the Table 13 (Table 14) voltage 
can be obtained at any output for any desired 
combination of ni (where 0 = i = 39). 


Distributer and S/H Circuit 
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Table 13 Table 14 




Va(n) - Vx(n) ± 0.05 VOLT Va(n) = Vy(n) - 10 ± 0.05 VOLT 

Vb(n) = 2Vx(n) - 10 ± 0.1 VOLT ± 2% Vb(n) = 2Vy(n) - 10 ± 0.1 VOLT ± 2 

Vx: refer to section on D/A converter circuit Vc(n) = Vy(n) ± 0.3 VOLT 

(DAC), Vy: refer to section on D/A converter circuit 

(DAC). 
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Key Volt S/H Circuit (Service Manual pp. 38 ~ 
41) 

The sample hold operation is performed by the 
following procedure after writing 0 into IC52 
(PRTD, PRTQ) according to the data latch 
circuit. 

STEP 1 i = 0 

STEP 2 Write data m into IC34 and IC35. 

(Denotes which M board for what 
octave and what interval). 

STEP 3 Write Table 15 ai into IC5. 

STEP 4 Write Table 15 si into IC6 after a delay 
of 15jusec. 

STEP 5 Write all bits "1" data into IC6 after a 
delay of 35psec. 

STEP 6 With i = i + 1, return to STEP 1 after a 
delay of 1.2msec when i = 7, but return 
to STEP 2 after a delay of Bjusec when 
i = 7. 

Output Voltages and Adjustment Controls for 
mi Changes 



I C 6 
D4-D0 

I C 5 
D2DJD0 


Adjustment 

Control 

35// 
/ mi 

bit 54 3210 

ai 

bit 210 

Output Pin 

V R 

0 

011111 

000 

C V 1 

VR 3 

1 



001 

C V 2 

V R 4 

2 


/ 

010 

CVS 

VR 5 

3 



011 

C V 4 

VR 6 

4 



100 

CVS 

VR 7 

5 

i 


101 

C V 6 

V R 8 

6 



110 

CVS 

V R 9 


Table 15 


Auto Tune Circuit (Service Manual pp. 20 ~ 22, 
32 ~ 34, 46 ~ 49, 76, 77) 

When the AUTO TUNE button is switched on, 
sound generation is inhibited for about 1 second 
while the 12 M boards are automatically tuned. 
If any of the tone memory bank switches (tone 
panel switches 1 to 6) lights up after this auto 
tuning operation, inability for the M board 
corresponding to that switch number to proceed 
with automatic tuning is indicated. 

The automatic tuning range for M boards is 
±30%. The AUTO TUNE block diagram is out¬ 
lined in Fig. 14. 

When the AUTO TUNE button in pressed, M 
board data for sound generation is passed via 
the data bus from the CPU, D/A converted in 
the MPX stage, and then applied to the M board. 
This data is 8', and the sound name is an A3 
square wave. The frequency of the generated 
sound is applied to the ATSG pin (see block 
diagram) and latched by D-FF. The clock 
frequency for this latching circuit is 2.5MHz, 
output of input D being obtained by this clock. 
There are two D-FF latching circuits, these using 
the <f> and <p clocks. 

These outputs, Q1 and Q2 are subjected to a 
NAND operation by the count data latch pulse 
generator circuit, resulting in the generation of a 
pulse signal for latching of the count data. This 
NAND output is subsequently integrated by a 
CR circuit into the waveform shown in the time 
chart, this signal being applied to the next 
NAND circuit (IC5). Hence, the counter reset 
pulse is generated by this integrated waveform 
(see the time chart in Fig. 15). 


Key Volt Distributor and S/H Circuit 



Fig. 13 


Counters A and B count the master clock, the 
corresponding outputs being accepted by the 
latching circuit by the count data latch pulse 
generator circuit pulse signal generated on the 
basis of the reference frequency. That is, the 
least significant 11 bits of the value obtained by 
dividing the square wave cycle period (applied to 
ATSG) by TCK are written into IC12 and IC13 
by the leading edge of the IC5 (pin 11) pulse. 
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Auto Tune Circuit Time Chart 
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The data at this point is accepted as the proper CPU 
input data. 


Data ready 


Fig. 15 


Chart Description 

A single cycle of M board output is counted by clocks. Data counted by IC25 and IC26 is latched by 
IC12 and IC13. The counter is then reset, and counting begins again. In other words, while data is 
being counted by IC25 and IC26, the previous data is being latched by IC12 and IC13. When the 
IC15-5 output is at high level, the count data is accepted as being correct by the CPU. 

Furthermore, during auto tuning mode, low level from the DIF board is applied to (ATCN) and 
(ATN). Since this results in no application of LFO, the M board output is cut. 
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output voltage to the long sustain effect case is 
obtained at the transistor output. 

As can be realized from the above description, 
the D2 control voltage has priority even when 
the programmable sustain control input is for a 
short sustain effect. So when the programmable 
sustain control is for a long sustain effect, the 


and the second stage by the IC18 output pulse. 
The CN pin status is obtained in bit 7 of I/O 
address 00 IC43-2/2, The IC7, IC8,109 chips for 
address no.1 serve as a selector which selects 
one of the four data outputs in binary code. The 
functions of this selector are listed in Table 16 
below. 















IC Selector Function Table 


B. 

A 

G 

Output! Y ) 

X 

X 

H 

Z 

L 

L 

L 

CO 

L 

H 

L 

Cl 

H 

L 

L 

C2 

H 

H 

L 

C3 


Table 16 


The waveforms shown in the following diagram 
appear at the SY and CK pins. 


SY 


0 1 2 3 4 5 n -1 0 1 



Card Reader Circuit 

The card reader includes a data control output 
circuit, a data switching input circuit and a flag 
circuit. 

The data control output circuit is entirely LS- 
TTL open-collector. When data is written into 
I/O address 70, the contents of data bits 0 ~ 2 
are inverted and obtained at MCS, MRS and 
RWC. And when bit 3 is 0, a symmetrical square 
wave signal with a 1.67/xsec cycle appears at the 
WDT pin. When this bit is 1, however, the cycle 
time is halved. When the data switch input reads 
I/O address 12, the WPS and CLS pin status (H 
or L) is obtained by data bits 0 ~ 2. And if a 
suitable pulse is applied to DCP, the DDP status 
will be latched by this pulse, inverted, and be 
obtained by bit 3 of I/O address 12. 


The output data accepted flag (1/2 IC33) is set 
by the leading edge of AGP, and reset by writing 
in CPU I/O address 70, the status appearing in 
bit 7 of I/O address 13. The input data ready 
flag (1/2 IC46) is set by the leading edge of the 
pulse applied to DCP and reset by reading CPU 
I/O address 12, the status appearing in bit 6 of 
I/O address 13. 

The I/O address map for the card reader is out¬ 
lined below. 


Address 

I/O 

PORT 

7 0 

out 

Data control (ICS 2) 

1 2 

in 

Data .switch (L2 IC45) 

1 3 

in 

Flag (1/2 IC45) 
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MREQ 

(memory request) 


IORQ 

(input/output request) 


RD 

(memory read) 


WR 

(memory write) 


RFSH 

(refresh) 


HALT 

(halt) 


WAIT 

(wait) 


The Ml output also appears when an interrupt is acknowledged. Ml 
and IORQ serve as the means whereby the CPU notifies external devices 
of interrupt acknowledgement. 

Tri-state output, active "L". 

The memory request output signal appears when the actual address for 
memory reading or memory writing is passed via the address bus. 

Tri-state, active "L". 

The IORQ output signal appears when the actual input/output address 
for input/output reading or writing is carried by the 8 least significant 
bits of the address bus. Furthermore, like Ml, the IORQ output signal 
also appears when an interrupt is acknlwledged. These two signals are 
used to notify the input/output device that the interrupt response 
vector may be passed via the data bus. During the Ml period, the inter¬ 
rupt acknowledge is processed without processing of the input/output 
device. 

Tri-state output, active "L”. 

The RD output appears while the CPU is receiving data from memory 
or input/output device. The designated input/output device or memory 
data may be gated with this signal and passed via the CPU data bus. 

Tri-state output, active "L". 

The WR output appears when the data to be stored in the designated 
memory or input/output device is passed via the CPU data bus. 

Output, active "L". 

The RFSH output appears when the refresh address for dynamic 
memories is passed in the 7 least significant bits of the address bus. For 
refreshing of dynamic memories (refresh read), the MREQ signal is 

also required. 

Output, active "L". 

The HALT output appears when the CPU executes the HALT instruc¬ 
tion and waits for a nonmaskable or maskable interrupt. A continuous 
output of refresh signals can be chieved during the halt period by CPU 
execution of the NOP instruction. 

Input, active "L”. 

This input signal is used to notify the CPU that the memory or input/ 
output device is not ready to send data. The CPU maintains this wait 
status as long as the signal remains active. Note, however, that there 
is no output of refresh signals during this waiting period. Use of this 
signal enables synchronization of the CPU with the operating rate of 
any memory and any input/output device. 


INT 

(interrupt request) 


NM1 

(nonmaskable interrupt) 


RESET 


BUSRQ 
(bus request) 


BUSAK 

(bus acknowledge) 


Input, active "L". 

The interrupt request signal is generated input/output devices. The 
interrupt enable flag (IFF) can be set by software means (program), 
and if the BUSRQ signal is non-active, the interrupt request will be ac¬ 
cepted as soon as the instruction currently being executed is completed. 
Upon reception of the interrupt, the CPU sends an acknowledge signal 
(IORQ during Ml period) at the start of the next instruction cycle. A 
symmetrical square wave signal of 13.3msec cycle period is obtained at 
pin 11 of IC29. 

Input, trailing edge detection. 

The nonmaskable interrupt request has a higher priority than INT. If 
this input is applied up to the leading edge of the final T cycle of the 
instruction currently being executed, the interrupt will be accepted 
following completion of that instruction. (This occurs irrespective of 
the status of the interrupt enable flag). The CPU is automatically 
restarted from the 0066 H address by the NM1 input. The program 
counter contents are automatically saved in an external stack in order 
to ensure return to the original program where the interrupt was ap¬ 
plied. 

In the case of continuous WAIT cycles, NM1 is made to wait, and note 
that BUSRQ has higher priority than NM1. 

Input, active "L". 

The program counter is reset to zero and the CPU initialized by the 
RESET input. At this time, the following status changes are made. 

1) The interrupt enable flag is reset. 

2) Register I is set to 00 h . 

3) Register R is set to 00h . 

4) Interrupt mode 0 is set. 

During this resetting period, the address bus and data bus are switched 
to high impedance, and all control outputs are switched to non-active 
status. 

Input, active "t". 

The bus request signal is used to switch the CPU address bus, data bus 
and tri-state output control lines to high impedance in order to enable 
other devices to utilize the buses. When BUSRQ is made active, the bus 
lines are switched to high impedance the moment the current CPU 
machine cycle is completed. 

Output, active "L". 

The bus acknowledge output signal is passed to the bus-requesting ex¬ 
terna! device after the CPU address bus, data bus and tri-state control 
bus lines have been switched to high impedance and may thus be util¬ 
ized by the external device. 
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addressing. The decoder used here is an IC chip 
where low level outputs are obtained only when 
the enable input G1 = H and G2A = G2B (see 
Table 3). Furthermore, this output is switched 
to low voltage in succession, generating 10 
scanning bits by using another IC chip. 

This 10-bit output voltage is then inverted by 
the data bus buffer, and applied to the respec¬ 
tive half-octave terminals of the manual key¬ 
board. If any of the keys is then turned on 
under these conditions, the key switch is short 
circuited, and the scanning result subsequently 
appears at the N1 ~ N7 terminals via a diode 
circuit. 


# Key board Scan. E 


K.B.Address 
Decoder 



(1) to (9) indicate the order of operation. 


Output 



Octaves and notes are thus scanned by the 
KB DO ~ KBD9 and N1 ~ N7 terminal matrix, 
and the results passed to the CPU via the CPU 
data bus. The CPU addresses key code data in 
the EP-ROM on the basis of the data bus results, 
the key code finally being passed to the data 
selector via the data bus. These steps are sum¬ 
marized in the block diagram in Fig. 4. 

ock Diagram 

















CS70M Block Diagram (Digital Section) 



Block Diagram (Analog Section) 
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